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Pilot Research on Cold-Formed Steel Framed Shear Wall 
Assemblies with Corrugated Sheet Steel Sheathing 






Flat steel sheet is the common steel sheathing for cold-formed steel (CFS) 
framed shear walls. The current American Iron and Steel Institute Standard 
provides nominal shear strengths for 0.018 in. and 0.027 in. sheet steel sheathed 
shear wall as well as CFS walls with other sheathing materials. The CFS walls 
with 0.018 in. or 0.027 in. sheet steel sheathing yield relatively lower shear 
strength compared with the walls with 7/16 in. OSB sheathing or 15/32 in. 
Structural 1 sheathing (4-ply). In order to develop a high strength CFS shear 
wall with steel sheathing, a pilot research was conducted at University of North 
Texas to experimentally investigate the behavior and shear strength of CFS 
framed wall assemblies with 0.027 in. (20 gauge) corrugated sheet steel 
sheathing. The parameters considered in the test program included the framing 
member thickness, the fastener size and spacing, and the boundary stud 
configurations. Both monotonic and cyclic tests were conducted. The test results 
indicated that with appropriate framing members and the fastener 
configurations, the corrugated steel sheet can form rigid sheathing for CFS shear 
walls. The test results indicated that the 0.027 in. corrugated sheet steel 
sheathing outperformed 0.027 in. think flat sheet steel sheathing as well as the 
7/16 in. OSB sheathing. It can be alternative sheathing material for CFS walls.  
                                                          
1 Graduate Student, University of North Texas, Denton, TX. (hitesh@unt.edu) 




Background and Motivation 
The American Iron and Steel Institute (AISI) S213 (2007) “The North American 
Standard for Cold-Formed Steel Framing - Lateral Design” provides shear 
strength values for cold-formed steel framed walls with different sheathing 
materials including 15/32 in. Structural 1 plywood sheathing, 7/16 in. oriented 
strand board (OSB), and 0.018 in. and 0.027 in. flat steel sheet. Those published 
values were based on Serrette (1996, 1997, and 2002). Compared to the wood 
sheathing, the 0.027 in. and 0.018 in. sheet steel sheathing yielded relatively 
lower shear strength and the test results (Serrette 1997, 2002) indicated that the 
buckling of the steel sheet sheathing was the primary mode of failure for sheet 
steel shear walls.  
 
To improve the performance of cold-formed steel shear wall with steel 
sheathing, the use of the corrugated sheet steel as the sheathing for CFS walls 
has been investigated by a few researchers. Fülöp and Dubina (2004) developed 
a testing program to investigate the structural characteristics of 8 ft. high × 12 ft. 
wide full scale CFS shear walls with different sheathing arrangements. The 
different sheathing arrangements included LTB20/0.5 corrugated sheet steel on 
one side, LTB20/0.5 corrugated sheet steel on one side and ½ in. gypsum boards 
on the other side of the wall, trap bracing on both sides, and 3/8 in. OSB on one 
side. The presence of a 4 ft. wide door opening was also included in the test 
matrix. A total of 7 monotonic tests and 8 cyclic tests were conducted. The 
protocol for cyclic tests adopted ECCS Recommendation (1985) with a 
relatively low loading frequency of either 0.00028 Hz (6 min/cycle) or 0.0056 
Hz (3 min/cycle). The CFS frames used U154/1.5 tracks (6 in. web depth, 0.060 
in. thickness), and C150/1.5 C-section studs (6 in. web depth, 0.060 in. 
thickness), the studs were placed at 24 in. on center. Double studs (back-to-back) 
were used at the ends of the walls and around the opening. Fülöp and Dubina 
(2004) concluded that the CFS walls were rigid and could effectively resist 
lateral loads. The failure of the seam fastener was the failure mechanism for the 
corrugated sheet specimens. The test results showed the 3/8 in. OSB specimens 
had significantly higher shear strength than the corrugated sheet specimens. 
However the geometries and material properties of the corrugated sheets were 
not reported in Fülöp and Dubina (2004). 
 
Stojadinovic and Tipping (2007) conducted a series of 44 cyclic shear wall tests 
on 8 ft 2 in. high × 4 ft or 2 ft wide CFS shear walls with corrugated sheet steel 
sheathing on one side or both sides. Two test protocols were used in the test 
program, the AC154 (2005), “Acceptance Criteria for Cyclic Racing Shear Test 
for Metal-Sheathed Shear Walls with Steel Framing” and the AC130 (2004). 




were sheathed with 0.027 in., 0.033 in., or 0.043 in. corrugated Shallow-Vercor 
type decking with 9/16 in. rig height. Four sizes of Steel Stud Manufactures 
Association (SSMA 2001) studs with matching tracks were used for the frames: 
362S162-33, 362S162-43, 362S162-54 (50 ksi), and 362S162-68 (50 ksi). No. 
10, No. 12, No. 14 self-drilling screws and pins were used in the tests, and 
different fastener spacing was included in the test matrix. The boundary 
elements of all the specimens were reinforced by HSS 6 × 4 × 3/8” which 
excluded failures in the boundary elements and also required no hold-down to be 
installed. The authors reported that in all the tests, the failure mode was the 
eventual pulling out of the screws due to warping in the corrugated steel sheet. 
Based on the test results, nominal shear strength for 0.033 in. and 0.043 in. CFS 
framed shear walls with 0.027 in. and 0.043 in. corrugated sheet steel sheathing 
were proposed by Stojadinovic and Tipping (2007). 
 
The research by Fülöp and Dubina (2004) and Stojadinovic and Tipping (2007) 
showed that the corrugated steel sheet steel is a feasible and strong sheathing 
material for CFS shear walls. Fülöp and Dubina (2004) used a different cyclic 
test protocol than those generally adopted in US (AC130, AC154), and the 
properties of the corrugated sheet were not detailed in their paper. Stojadinovic 
and Tipping (2007) used structural steel members to reinforce the four edges of 
the CFS wall specimens and no hold-down was installed. Those configurations 
were not the typical practice in the field. In order to investigate the performance 
of corrugated sheet steel shear walls by using typical framing configurations and 
the approved test method by International Code Council, a pilot research were 
conducted at University of North Texas (UNT) and presented in this paper. The 
UNT work included 3 monotonic and 4 cyclic tests on 0.043 in. and 0.068 in. 
CFS framed walls with 0.027 in. corrugated sheet sheathing. The rib height of 
the corrugated sheet was 9/16 in. The research object was to determine the 
appropriate framing and fastener configurations to achieve the ultimate shear 
strength of the 0.027 in. corrugated sheet steel sheathing. 
Test Program 
Test Setup 
Both the monotonic and the cyclic tests were performed on a 16 ft. span 12 ft. 
high adaptable testing frame at UNT. Figure 1 shows the front view of the test 
setup with an 8 ft. × 4 ft. CFS shear wall. Figure 2 illustrates the schematic of 
the test setup. All the shear wall specimens were assembled in a horizontal 
position and then installed vertically in the testing frame. The wall was bolted to 
the base beam and loaded horizontally on the top. The out-of-plane displacement 




individual rollers on the back side of the wall top. The rollers also worked as a 
guide for the load spread T-shape as shown in Figure 3. The T-shape was 
attached to the top track of the wall by No. 12×1-½ in. hex washer head self-
drilling screws installed one pair every 3 in. The horizontal force was applied to 






Lateral support Load cell
Position transducer
    
Figure 1 Front view and back view of the test setup 
 
The anchorage system for monotonic tests consisted of three ½ in. or 5/8 in. dia. 
shear bolts with standard cut washers (ASME B18.22.1) (1998) and one 
Simpson Strong-Tie® S/HD10S hold-down with one 5/8 in. dia. bolt. For the 
cyclic tests, the anchorage system included two ½ in. or 5/8 in. dia. bolts and 
two Simpson Strong-Tie® S/HD10S hold-downs.  
 
The testing frame was equipped with one 35 kip hydraulic actuator with ±5 in. 
stroke. A 20 kip universal compression/tension load cell was used to connect the 
top of lever to the T-shape for force measurement. Five position transducers 
were employed to measure the horizontal deflection of the wall top, the vertical 
deflections of the two end studs, and the horizontal deflections of the bottom of 
the two end studs, as shown in Figure 2. The applied force and five deflections 
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Figure 3: Close up of the top of the wall specimen 
Test Method 
Both the monotonic and the cyclic tests were conducted in a displacement 
control mode. The procedure of the monotonic tests was in accordance with 
ASTM E564 (2006) “Standard Practice for Static Load Test for Shear 
Resistance of Framed Walls for Buildings”. A preload of approximately 10% of 
estimated ultimate load was applied first to the specimen and held for 5 minutes 
to seat all connections. After the preload was removed, an incremental loading 
procedure started until failure; the load increment was approximately 1/3 of the 
estimated ultimate load.  
 
The CUREE (Krawinkler et al. 2000) protocol, in accordance with AC130 
(2004) was chosen for the cyclic tests. The CUREE basic loading history shown 




listed in Table 1. The specified displacement amplitude for this test program was 
chosen to be 2.5% of the wall height (2.4 in. for 8 ft. high wall). A constant 
cycling frequency of 0.2 Hz in the CUREE loading history was used for all the 
cyclic tests in this research. 











1 5.0 9 5.6 17 7.5 25 30 33 53 
2 5.0 10 5.6 18 7.5 26 23 34 53 
3 5.0 11 5.6 19 7.5 27 23 35 100 
4 5.0 12 5.6 20 7.5 28 23 36 75 
5 5.0 13 5.6 21 20 29 40 37 75 
6 5.0 14 10 22 15 30 30 38 150 
7 7.5 15 7.5 23 15 31 30 39 113 
8 5.6 16 7.5 24 15 32 70 40 113 
Note: ∆ = 2.5% wall height 
 
























Figure 4: CUREE basic loading history (0.2 Hz) 
Test Specimens  
This pilot research focused on developing appropriate framing details to achieve 
the ultimate performance for 0.027 in. corrugated steel sheet sheathing. The 
specimen configurations were developed accordingly as the test program 
progressed. Table 2 summarizes the test matrix. The various configurations 
considered in this test program included the thickness of the framing members 
(0.043 in. and 0.068 in.), the sheathing and framing fastener size (No. 8 and No. 




















(monotonic) 0.043 in. #8 × ¾ in.  5”/12 ½” S-A Raised 
2 
(monotonic) 0.043 in. #8 × ¾ in.  5”/12 ½” S-B Raised 
3 
(cyclic) 0.043 in. #8 × ¾ in.  5”/12 ½” S-B Raised 
4 
(monotonic) 0.068 in. #12 × 1-¼ in. 2 ½”/5” S-C Raised 
5 








(cyclic) 0.068 in. #12 × 1-¼ in. 2 ½”/5” S-C 
Flushed, 
Reinforced 
Note: 1- all tests used 0.027 in corrugated sheet with rib height 9/16 in. for sheathing; 2- #8 screws 
were modified truss head self-drilling screws, #12 screws were hex washer head self-drilling screws; 
3- stud configuration refers to Figure 6; 4- Simpson Strong Tie S/HD10S. 
 
 
(a) Wall assembly for 
Monotonic test # 1 
(b) Wall assembly for 
Cyclic test # 3 
(c) Wall assembly for 
Cyclic test # 4 
Figure 5: Dimensions of typical 8 ft. x 4 ft. wall assembly 
All the specimens had a wall aspect ratio of 2:1 with 8 ft height and 4 ft width. 
The dimensions for typical wall assemblies are illustrated in Figure 5. SSMA 
(2001) standard tracks and studs were used. One single C-section stud was 




the wall. Three configurations for the boundary studs were studied in this 
research as shown in Figure 6. The configuration S-A used two studs back-to-
back connected by No. 8 screws one pair for every 6 in., the outer stud was 
reinforced by a matching track member fastened to the stud flanges, face-to-
face, by No. 8 screws 6 in. on center. The configuration S-B used three studs, 
two studs were attached back-to-back, and the third stud attached to the double 
studs face-to-face by ½ in. stitch weld every 12 in. on center. The boundary stud 
configuration S-C used double studs, back-to-back connected by No. 12 screws 
one pair every 6 in. on center. 
Figure 6: Boundary stud configuration (plan view) 
 
 







(b) Reinforced hold-down 
Figure 7: Hold-down configurations 
Simpson Strong-Tie® S/HD10S hold-down was used on the specimens to resist 
the uplift force. For the monotonic test, one hold-down was attached to the 
uplifted boundary studs from inside by using a total 24 of No.14×1¼ in. hex 
washer head self-drilling screws. For the cyclic test, two hold-downs were used, 
one on each side on the wall. Figure 7a shows the typical hold-down 
configuration. For some tests, the hold-down was reinforced by two additional ½ 
in diameter Grade 2 bolts and the top edge of the hold-down was welded to the 
stud, see Figure 7b. For all specimens, a 0.068 in. thick steel patch plate was 
used to cover the hole on the bottom of the boundary studs. The hold-downs for 
 




Tests 1 to 6 were raised 1.5 in. above the flange of bottom track. In test 7, the 
hold-downs sat on the bottom track. 
 
The details of the components of the tested CFS walls are given as follows: 
 
Studs: 350S162-43 and 350S162-68 SSMA structural stud made of ASTM 
A1003 Grade 33 steel, placed in 2 ft. off center for walls. 
Tracks: 350T150-43 and 350T150-68 SSMA structural track made of ASTM 
A1003 Grade 33 steel for walls. 
Sheathing: The corrugated sheet steel (metal decking) was manufactured by 
Vulcraft manufacturing company. The deck type was 0.6C, 0.027 in. (22 gauge) 
corrugated steel sheet with 9/16 in. rib height. The sheathing was installed one 
side of the wall. For each wall specimen, the sheathing was made of three 
corrugated steel sheets which were connected by single line of screws. The 
screw spacing on the joint was same as that for the sheathing screws on the 
panel edges. Figure 8 illustrates the cross section of the corrugated sheet. 
9 / 1 6 ”
3 6 ”
2½ ”9 / 1 6 ”
 
Figure 8: Corrugated steel sheet profile 
Test Results and Discussion 
Shear Wall Tests 
Table 3 summarizes the test results. Figure 10 illustrates curves of the applied 
shear load in pounds per foot (plf) vs. the displacement of top of the wall. The 
observed failure modes were shown in Figure 11. All the specimens utilized 
0.027 in. corrugated steel sheet sheathing with 9/16 in. rib height. The test 
program started with one 0.043 in. framed wall with S-A boundary stud 
configuration and No. 8 × ¾ in. sheathing screws. The fastener spacing was 5 in. 
on center at the panel edges and 12.5 in. on center in the field of the panel. The 
Test 1 failed by buckling of the boundary studs. To avoid failure in the boundary 
studs, three-stud configuration (S-B in Figure 6) was used for Tests 2 and 3. The 
fastener configuration, and the framing members in Tests 2 and 3 were same at 
those used in Test 1. Test 2 was monotonic and it failed by the warping of the 
corrugated sheet and the pull-out of the sheathing screws on the interior studs 
and the boundary studs. The peak load was lower than that of Test 1. In Test 1, 




and the reinforcing track, therefore the screws provided higher holding power 
against being pulled out than those in Tests 2 and 3 where the screws only went 
through two layers: the sheathing and the boundary stud. Test 3 was identical to 
Test 2 except that the CUREE cyclic protocol used.  Due to the pull-out of a 
large number of screws in Test 3, a sudden drop in the shear strength was 
observed. The negative peak load was significantly lower than the positive peak 
load, and it resulted in a lower average peak load of Test 3 compared to Test 2.  
 














+P -P +Δ -Δ 
1 
(monotonic) 1942 - 2.85 - 1942 2.85 Stud buckled 
2 
















(cyclic) 3957 3986 2.73 2.54 3972 2.64 No failure 
7 
(cyclic) 4113 4315 2.84 3.12 4214 2.98 Hold down failed 
 
Tests 1, 2, and 3 indicated that the 0.027 in. corrugated sheet was rigid, and 
outperformed the 0.027 in. flat sheet steel, the 7/16 in. OSB, and the 15/32 in. 
Structural 1 sheathing. Respectively, the nominal shear strength (seismic loads) 
for the three other different sheathing is 1000 plf, 1235 plf, and 1330 plf for 
0.043 in. framed wall with No. 8 screws placed 4 in. at panel edges and 12 in. in 
the field (Table C2.1-3 in AISI S213). Tests 1, 2, and 3 used No. 8 screws with 5 
in./ 12 ½ in. spacing (5 in. at panel edges and 12 ½ in. in the field). Among the 
three tests, Test 3 gave the lowest shear strength of 1389 plf, which was still 
greater than the published values of the other three sheathing materials. It was 
also found that the test results on 0.043 in. walls in this research were 
comparable to the Stojadinovic and Tipping (2007) in which a 1505 plf nominal 
shear strength was reported for 0.043 in. walls with 0.027 in. corrugated steel 
sheathing. One should note that Stojadinovic and Tipping (2007) used No. 12 














Test 1   Test 2   
Test 3   Test 4    
Test 5   Test 6  
Hold-down bent
 








In terms of the failure mechanism, the first three tests showed that the warping 
of the sheathing generated significant force to pull out a large number of No. 8 
screws and it caused sudden loss of the shear resistance of the wall specimens. 
Therefore larger sheathing fasteners were desired to improve the performance of 
the corrugated sheet specimens. The next four tests (Tests 4, 5, 6, 7) employed 
No. 12×1-¼ in. hex washer head self-drilling screws for both sheathing and 
framing. The thicker (0.068 in.) studs and tracks were used for the frames. The 
changes in the fasteners and the framing members greatly increased the shear 
strength of the wall. The Test 4 failed by the shear failure of the No. 14 screws 
which attached the hold-down to the studs, as shown in Figure 11. In Test 5, the 
lateral support was moved by large out-of-plane forces. Therefore modifications 
were made to reinforce the hold-down and lateral supports in Test 6 and Test 7. 
The specimens of Tests 6 and 7 were identical except that the hold-down was 
raised up in Test 6 and flushed to the bottom track in Test 7. In both tests, the 
sheathing behaved as a rigid body, neither the warping of the sheathing nor the 
pull-out of screws was observed. The connection between the screws and the 
corrugated sheet became loose because of the large in-plane shear force 
developed during the test. Further it was found that the hold-down failed in both 
tests, as shown in Figure 11, the flat supporting element in hold-down was bent. 
The average peak load of the tests on 0.068 in. framed walls was 4093 plf which 
is greater than 7/16” OSB (3080 plf) and 0.027 in. flat sheet steel (1170 plf 
Table C2.1-3 of AISI S213). Stojadinovic and Tipping (2007) reported an 
average of 3290 plf for 0.068 in. framed walls with 0.027 in. corrugated sheet 
sheathing, 3 in. / 6 in. fastener spacing. 
Material Properties 
Coupon tests were carried out according to the ASTM A370-06 (2006) 
“Standard Test Methods and Definitions for Mechanical Testing of Steel 
Products”. The test results are summarized in Table 4. The coating on the steel 
was removed by hydrochloric acid prior to the coupon tests.  
 













for 2 in. 
Gage Length 
(%) 
0.027 in. corrugated 
sheet 0.0291 90.1 93.4 1.03 4.3% 
0.043 in. stud 0.0419 47.6 55.1 1.15 29.0% 
0.043 in. track 0.0420 43.1 55.6 1.29 25.0% 
0.068 in. stud 0.0716 46.0 57.5 1.26 14.8% 





Summary and Conclusions 
A total of 3 Monotonic and 4 cyclic shear wall tests on cold-formed steel stud 
walls with 0.027 in. (22 gauge) corrugated steel sheathing on one side were 
conducted. 0.043 in. framed walls with No. 8 sheathing screws and 0.068 
framed walls with No. 12 sheathing screws were investigated. It was found the 
0.027 in. corrugated steel sheet was rigid and required considerable amount of 
fasteners to prevent from warping. The tested shear walls 0.027 in. corrugated 
sheet with 9/16 in. rib height demonstrated considerably higher shear resistance 
than the same framed walls with 7/16 in. OSB sheathing, and more than two 
times higher strength than the same framed walls with 0.027 in. flat sheet steel 
sheathing. The corrugated steel sheet is a promising sheathing material for CFS 
framed shear wall, 0.068 in. framing members and No. 12 self-drilling screws 
with tight spacing schedule are recommended to utilize the 0.027 in. corrugated 
sheet in the lateral resisting system of buildings. 
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